The objectives of this study were: (i) to investigate the energy, iron, zinc, calcium and vitamin C intakes of a group of healthy term Caucasian infants resident in Dunedin, New Zealand, prospectively from age 9 months to 2 years; and (ii) to determine the prevalence of iron deficiency anaemia among these infants. A self-selected sample of 74 Caucasian mothers and their infants born in Dunedin, New Zealand, between October 1995 and May 1996 were recruited. Dietary intake was determined using estimated diet records at 9, 12, 18 and 24 months of age. Haemoglobin concentration, mean corpuscular volume and zinc protoporphyrin concentration were determined at the same ages. The infants' zinc, calcium and vitamin C intakes appeared adequate. Their median iron intakes ranged from 4.3 mg (at 12 months) to 7.0 mg (at 9 months) per day and were below estimated requirements at all ages. At 9, 12 and 18 months of age, 7% (n = 4) of the infants had iron deficiency anaemia. None of the infants had iron deficiency anaemia at 24 months. The iron intakes of this group of Caucasian infants and young children appeared inadequate. However, their rate of iron deficiency anaemia was lower than has been reported in previous New Zealand studies.
Introduction
Iron, zinc and calcium have been described as 'problem nutrients' in both developing and developed countries in a recent World Health Organization document on infant feeding. 1 Yet only two studies in the published literature have investigated the adequacy of the dietary intake of Caucasian infants and young children in New Zealand. 2, 3 The iron intake of young New Zealanders is of particular interest because iron deficiency anaemia has been associated with a number of adverse effects in infants and young children, including impaired motor and mental development. 4 These deficits in very early childhood may not be completely reversible 5 and may be associated with poorer school performance in later life. 6 Concern has been expressed that New Zealand infants may be at high risk of iron deficiency anaemia. 7, 8 However, in the past decade, only five papers have been published in the peer-reviewed literature investigating the prevalence of iron deficiency anaemia in New Zealand infants. 3, [9] [10] [11] [12] Of these, only one investigated iron deficiency in a group of predominantly Caucasian infants in a community setting. 3 The aims of this study were: (i) to investigate the energy, iron, zinc, calcium and vitamin C intakes of a group of healthy term Caucasian infants resident to Dunedin, New Zealand, prospectively from age 9 months to 2 years; and (ii) to determine the prevalence of iron deficiency anaemia among these infants.
Materials and methods

Participants
The names of mothers of newborn babies were obtained from the Dunedin office of Births, Deaths and Marriages, and from birth notices in the local newspaper. Mothers were then approached by telephone, given information on the study and invited to participate. Eighty-three mothers (approximately one in every six contacted) agreed to take part. Inclusion criteria were: mother of Caucasian descent; mother free from diabetes and other chronic health conditions; and infant full term (38-42 weeks gestation) and normal birth weight (2500-4500 g). Recruitment into the study took place between October 1995 and May 1996. The infants were studied prospectively for 24 months.
Ethical approval for this study was granted by the Southern Regional Health Authority Ethics Committee, Otago, New Zealand. Informed written consent was given by all participating mothers. 
Data collection
Demographic information was collected at the initial home visit when the infants were aged between 4 and 6 weeks. Weekly telephone calls were used to determine when nonmilk foods were first introduced, and home visits were then carried out monthly until the infant's first birthday. An estimated 24-h diet record was collected for the infant by their mother prior to each monthly visit. In the second year, an estimated 3-day diet record was completed prior to each of three visits; at 12, 18 and 24 months of age. Data are presented here for the infants at ages 9 (one day record), 12, 18 and 24 months (three day records). At each of these ages, between 0.25 and 0.50 mL of capillary blood was taken from the infant via a heel prick. The procedure was carried out by one of the authors (MSLS) or a research assistant, both of whom were trained in this procedure at Dunedin Hospital. Care was taken not to knead, 'milk' or scrape the puncture site.
Dietary assessment
The mothers were given both verbal and written instructions for recording their infant's food intake. They were asked to record all food, infant formula and cow's milk consumed by the baby immediately after each eating event. Mothers of breast-fed infants were also asked to record the time of day when the baby was fed, and how long the breast-feed lasted (data not presented). The mothers were encouraged to describe the foods and non-breast milk liquids consumed in as much detail as possible -recording both brand names and methods of preparation, and retaining the labels from jars and cans of mixed foods. They were also asked to measure (using level household measures) the amounts of foods eaten or proportions consumed for commercially prepared foods from jars and cans, and to estimate the volume of losses due to spillage or rejection. When the record was collected it was reviewed with the mother to clarify entries and to probe for forgotten foods.
The Diet Entry and Storage program (NutriComp, Dunedin, New Zealand) was used to enter the types and amounts of non-milk foods and infant formulas consumed. Printouts were then checked against the original diet record by a single dietitian to ensure consistency and accuracy. The diets were then analysed using the Diet Cruncher program (NutriComp). The food list and food composition data for these programs were based on the New Zealand Food Composition Database 13 and manufacturers' information (for infant formulas, infant cereals and commercially prepared infant foods), modified where necessary by a nutritionist familiar with food composition data.
Breast milk intake and composition was not quantified directly during the study. Therefore, an average estimated breast milk intake of 674 mL/day was used for infants consuming breast milk at 9 months of age, and an intake of 467 mL/day for infants consuming breast milk at 12, 18 and 24 months of age. 14 For those infants consuming both breast milk and infant formula, the reported volume of infant formula consumed was subtracted from the average estimated breast milk intake for that age. Figures for the composition of breast milk were the estimated nutrient concentrations in mature human milk reported in the recent World Health Organization document on complementary feeding of infants and young children. 1 The value for energy was based specifically on studies in industrialised countries. 1 The dietary intake data were largely compared with the recommended nutrient intakes for the United Kingdom 15 as these are the most recent complete dietary reference values published. Energy intakes were, however, compared with two more recent sets of energy recommendations. 16, 17 An additional, lower, estimated requirement for zinc based on estimated losses and an allowance for growth 18, 19 was also included for comparison. 1
Assessment of iron status
A complete blood count (CBC) was performed at the Dunedin Hospital Haematology Laboratory using a standard Coulter STKS autohaematology analyser (Beckman Coulter New Zealand, Auckland, New Zealand) to determine haemoglobin concentration and mean corpuscular volume (MCV). Zinc protoporphyrin (ZPP) was measured using a haematofluorimeter (model ProtoFluor-Z) and reagent system (Helena Laboratories, TX, USA) at the Department of Human Nutrition (University of Otago). Due to technical error, only 32 (58%) of the 55 sets of blood samples taken were analysed for ZPP at each age.
The following cut-offs were used to define anaemia and iron deficiency in this report: haemoglobin, <110 g/fL; MCV, <77 L; and ZPP, >80 µg/dL red blood cells. 20 Anaemia was defined as low haemoglobin. Iron deficiency anaemia (IDA) was defined as anaemia with a low MCV. Iron deficient erythropoiesis (IDE) was defined as a low MCV and elevated ZPP. At the time this study was carried out, the Dunedin Hospital reference limits for assessing iron status in individual infants aged 9 months to 2 years were: haemoglobin, 92-135 g/L; haematocrit, 27-41%; mean cell volume, 64-84 fL; and mean cell haemoglobin, 22-28 pg. The mother, and general practitioner, of any infant showing a low haemoglobin and two other abnormal indices using these cut-offs were notified of the likely presence of iron deficiency anaemia. One infant was diagnosed as having iron deficiency anaemia at 12 months of age using these criteria, and subsequently withdrew from the study (his data are therefore not reported).
Statistical analysis
SPSS for Macintosh Version 6.1.1 was used to carry out all statistical analyses. Because the majority of the dietary variables were not normally distributed (tested using the Kolmogorov-Smirnov statistic with a Lilliefors significance level), the median, lower and upper quartiles are used to describe the dietary data. A number of infants did not provide blood samples at each age. Only data for those with blood samples at each of 9, 12 18 and 24 months are reported so that comparisons can be made across the different ages. There were insufficient infants with iron deficiency anaemia to carry out statistical comparisons of those with and without anaemia. The infants who provided a blood sample at each age were compared with those who did not, using the independent samples t-test for continuous variables that were normally distributed, the Mann-Whitney U-test for those that were not normally distributed, and the χ 2 -test for categorical variables. A P-value of less than 0.01 was considered to be statistically significant for these analyses because multiple significance tests were being carried out.
Results
Of the 83 mother-infant pairs recruited, data are presented for 74 (89%). Five withdrew from the study (two due to time commitments, two because they disliked the heel pricks, and one for an unknown reason), two women moved away from Dunedin, one was lost to follow up, and one baby died of sudden infant death syndrome.
All of the mothers defined themselves as Caucasian. They were aged from 20 to 41 years (mean ± SD = 30.3 ± 5.1) and had a mean parity of 2.1 children (SD = 1.1). Ninety-three percent of mothers were either married or in a de facto relationship. Nearly half the mothers (47%) had some form of tertiary education. The family income was greater than NZ$40 000 per annum in 39% of the families.
Forty-nine percent of the infants were female. The mean gestation was 39.9 weeks (SD = 1.2 weeks), and the mean birth weight 3541 g (SD = 401 g). Forty-two percent of the infants were exclusively breast-fed at 3 months, and 34% were still receiving some breast milk at 12 months. Thirtynine percent of the infants were being given 'follow-on' formula at 9 months. Nearly half the infants (45%) had been introduced to non-milk foods before 4 months, and more than two-thirds (69%) were being given cow's milk as a beverage before the age of 12 months. The mean age of introduction of cow's milk as a beverage was 40 weeks for those who introduced cow's milk before 12 months. Meat products were introduced at a mean age of 6 months (mean ± SD = 29 ± 8.2 weeks).
At age 9 months, nearly half the infants (47%) were receiving some breast milk, and 68% were receiving infant formula, including 'follow-on' formula (22% were given both), in addition to non-milk foods (Table 1) . At 12 months, 36% were having some breast milk, but only 6% were still being breast-fed at two years of age. The prevalence of infant formula consumption fell to 35% at 12 months and 5% at 18 months.
The children's median reported energy intake was lower than estimated requirements at 9 and 12 months, and marginal at 18 months (Table 2 ). Median iron intakes were lower than the estimated requirement at all ages, and intake was highest at age 9 months. Median zinc intake reached the reference nutrient intake of 5.0 mg/day at 18 and 24 months only, but exceeded the estimated losses and an allowance for growth at all ages. 18, 19 Median vitamin C and calcium intakes appeared adequate at all ages.
Median daily meat/fish/poultry intake increased considerably from 9 to 18 months (0-32 g), then moderately to 24 months (39 g/day) ( Table 3 ). This trend was still apparent, although somewhat attenuated, when meat/fish/poultry intake was adjusted for energy intake. The median percentage of iron from meat and meat products increased from 0% at 9 months to a peak of 17% at 18 months. Fifty-five infants (74%) provided a blood sample at 9, 12, 18 and 24 months. These mothers and infants did not differ significantly from those (n = 19) who did not provide a complete set of blood samples, in terms of the infants' haemoglobin concentrations, energy and dietary-iron intake at 9 and 12 months, gestation, birth weight and gender, or maternal age, marital status, income and highest educational qualification. The rate of iron deficiency anaemia was 7% at 9, 12 and 18 months (only one baby was anaemic at all three ages), but IDA was absent at 24 months of age (Table 4) . Among the subgroup for whom ZPP measurements were carried out, the rate of iron-deficient erythropoiesis fell from approximately 20% at 9 and 12 months to 13% at 24 months.
Discussion
This study group was socioeconomically advantaged compared to the general New Zealand population. The mothers were all Caucasian, 10% had a postgraduate qualification and 93% were living in a married or de facto relationship. In contrast, the 1991 census reported that 79% of female New Zealanders were European, while 3% of women of childbearing age had postgraduate qualifications and 78% were married or in a de facto relationship. 21 However, only 39% of the families in the study had a combined income greater than NZ$40 000 per annum, compared to 55% in the 1996 New Zealand census. 22 Estimated diet records were used to assess dietary intake in this study because, unlike methods such as the diet history, 24-h recall and food frequency questionnaire, the recording of food at the time of consumption avoids errors in recalling the types and amounts of food eaten. 23 The major disadvantage of this method is the heavy burden it places on participants who must record the type, amount and preparation method of each food and beverage consumed, when it is consumed, for the duration of the collection period. 23 This limits the number of days that can be collected, particularly when multiple diet records are to be collected over a period of time, as in this study. This in turn may limit the ability of the record to estimate usual intake. 24 This is particularly likely to be an issue for the 9-month dietary intake data, which are based on only 1 day of diet recording, although the diets of such young children are likely to include a narrow range of foods. Four-day weighed diet records completed by the mother of a preschool child have been shown to give measurements of energy intake that are in close agreement with energy expenditure figures derived using doubly labelled water techniques. 25 Estimated, rather than weighed, records were used in the present study both to lessen the burden on the mothers (particularly as multiple diet records were to be collected from early infancy), and to decrease the likelihood that the foods offered to the child would be changed to foods that would be easier to weigh. Estimated diet records have been shown to give group nutrient intakes in good agreement with those determined using weighed records in women. 26 An infant's breast milk intake cannot be estimated and recorded in the same way as other foods in an infant's diet. Instead, estimated total breast milk volumes of 674 mL and 467 mL per day were used in this study for the infants consuming breast milk at 9 months and 12-24 months, respectively. These values were derived from the DARLING study, 14 which was carried out among a group of women of relatively high socioeconomic status living in the USA. Breast milk volumes were estimated using test weighing corrected for estimated insensible water loss during feedings. The DARLING values were used because they were very similar to the total volume of infant formula consumed by the infants in this study who were fed infant formula in place of any breast milk (689 and 435 mL, respectively). These values for breast milk volume are higher than those reported in a recent review of breast milk volume in developed countries. 1 If the volumes were overestimated, this would lead to an overestimate of the nutrient intake, and would therefore make the infants' nutrient intakes less likely to appear inadequate. Although the estimated breast milk volume figures affect nearly half of the intakes at 9 months, only a third of infants were still receiving breast milk at 12 months, and an eighth at 18 months. The estimated requirements for energy used for comparative purposes in this study were based on reports that the habitual energy intakes and energy expenditure of both infants 16 and young children 17 are lower than those appearing in current official recommendations. 15 Nevertheless, the median energy intakes were below the estimated requirements 16,17 at 9 and 12 months of age, and marginal at 18 months. This may be due to underreporting, although good agreement has been reported between energy intakes reported in diet records and energy expenditure in infants. 25 Unfortunately, body weight and length measurements were not made as part of the present study so it is not possible to determine whether the reported energy intakes are plausible. However, both the DARLING study 14 and the UK National Diet and Nutrition Survey 27 reported similar energy intakes for young children. The mean daily energy intake of the infants in the DARLING study at 9 months of age was 3085 kJ (the median for this study was 3284 kJ at 9 months), and 3528 kJ for age 12 months (the median for this study was 3986 kJ at 12 months). 14 The DARLING data were based on 4-day weighed food records, including testweighing to estimate breast milk intake. The median daily energy intake of UK children aged 1.5-2.5 years, also determined using 4-day weighed diet records, were lower than those reported here at 18 and 24 months of age. 27 The median energy intakes reported in the present study probably do not reflect inadequate amounts for the maintenance of health and growth as both these studies reported similar figures alongside adequate growth 27 and development. 14 While the energy intakes reported for a group of infants aged 6-24 months in Wellington in the 1970s 2 tended to be higher than those presented here, the more recently reported energy intakes of a group of 9-24-month-old Auckland infants, 3 based on 24-h recall and diet history data, were similar to those in the present study.
The median iron intakes in the present study were below the estimated requirement at all ages. The iron intake was highest at 9 months, both because iron fortified cereals were being consumed and because infant formula was consumed by 68% of the infants at this age (more than half of these infants were given iron-fortified 'follow-on' formula), whereas at 12 months only 35% of infants were given infant formula and by 24 months, only 4%. Interestingly, the rates of iron deficiency anaemia were low in this population (7% at 9-18 months). This may be because the iron consumed was of relatively high bioavailability. For instance, flesh foods (such as meat, poultry and fish) have an important role in iron balance both because of their high content of bioavailable haem iron 28 and also because of their enhancing effect on non-haem iron absorption. 29 The infants increased their intake of meat/fish/poultry between 9 and 18 months as their intake of breast milk and infant formula decreased and their intake of non-milk foods increased. This increased intake of flesh foods may partially explain the decrease in iron deficiency anaemia seen between 18 and 24 months, taking into consideration the expected time delay for increased iron intake to increase iron stores. Vitamin C has also been shown to enhance iron absorption 30 and the median vitamin C intake in this population was high at all four ages (52-96 mg). It is important to note that growth velocity, and therefore iron requirements, decrease after the first year of life and this may also help to explain the decrease in iron deficiency anaemia seen at 24 months.
It is difficult to compare the rates of iron deficiency anaemia among different studies because there is no consensus as to which indices and cut-offs should be used. There is agreement, however, that in a population in which iron deficiency anaemia is relatively uncommon, low haemoglobin alone is not sufficient for diagnosing iron deficiency anaemia. This is because anaemia has numerous causes, including vitamin B 12 and folate deficiencies (megaloblastic anaemia), and infection. In this study, an abnormal MCV was used to exclude megaloblastic anaemia. MCV is also unaltered in the presence of infection. 31 The cut-offs used for haemoglobin and MCV were those used in the Third National Health and Examination Survey in the USA. 20 Iron deficient erythropoiesis precedes anaemia, and is the stage at which the iron stores are exhausted and the supply of iron to the erythropoietic cells is insufficient. 32 In this study, IDE was defined as an abnormally elevated ZPP concentration (ZPP accumulates when there is insufficient iron to chelate with protoporphyrin in the final step of haem synthesis) and low MCV. This was an adaptation of the MCV model of iron deficiency used in NHANES II and III, in which individuals were described as being iron deficient if they had at least two abnormal values among MCV, ZPP and transferrin saturation. 20 The cut-off for zinc protoporphyrin used to diagnose iron deficiency in NHANES III (>70 µg/dL red blood cells) was lower than that used in NHANES II (>80 µg/dL red blood cells), because blood lead concentrations had decreased in the US population with the removal of lead from petrol and soldered cans. 20 Zinc protoporphyrin concentration is elevated by lead toxicity as well as iron deficiency. 32 It was decided to use the higher cut-off for this study because the introduction of unleaded petrol was not fully instituted in Dunedin until the first months of 1996 (Vallabh Patel (Energy Inspection, Ministry of Commerce, Wellington, New Zealand), pers. comm., 1999), and some delay both in the clearance of lead contamination from the environment, and in the response of ZPP to lowered lead exposure (due to red blood cell turnover), was expected.
Iron depletion is the stage before IDE, when the individual is not accumulating enough iron to meet their iron requirements and their iron stores decrease. Unfortunately, it was not possible to use the heel prick blood sample collected in this study to determine serum ferritin concentration. As a measure of the extent of iron stores, serum ferritin is the most sensitive indicator of the severity of iron deficiency in the absence of anaemia.
Although it has been suggested that capillary blood samples may give lower haemoglobin measurements than venous blood samples in children, 33 it is now generally accepted that haemoglobin measurements from capillary blood are elevated. 34, 35 Because this may result in infants with mild anaemia being underdiagnosed, where practicable, venipuncture blood samples are the preferred method for assessing iron status. 35 It was decided in this study, however, that capillary sampling was more appropriate because venipuncture of infants is distressing to parents and the longitudinal study design required repeated blood sampling. The rates of anaemia reported in this study may therefore be underestimated because some infants with mild anaemia may not have been diagnosed.
A number of studies have attempted to describe the prevalence of iron deficiency anaemia in New Zealand infants by investigating the iron status of hospitalised infants. 7, 11, 12, 36, 37 However, the rates of anaemia in well infants cannot be assumed to be the same as the rates among infants who are sufficiently unwell to be either assessed at, or admitted to, hospital. Moreover, both infection and inflammation can themselves cause anaemia. 31, 38 It is not therefore surprising that the rates of anaemia (2-11%) and of iron deficiency anaemia (0-7%) in this study are substantially lower than have been reported for hospital-based studies. In these studies, the rates of anaemia range from 22 37 to 40% 36 and the rates of iron deficiency anaemia from 14 12 to 21% 11 (rates are for Caucasian infants when reported separately). Although the majority of these studies do not state whether capillary or venipuncture blood samples were analysed, the difference in rates of iron deficiency anaemia between the present study and the hospital-based studies is greater than could be explained by differences in blood sampling techniques. Nor can the difference in rates be explained by the use of MCV and haemoglobin to define IDA, as the rates reported here are lower than those reported for other New Zealand studies that used the same indices, an identical cut-off for haemoglobin (<110 g/L) and a lower cut-off for MCV (<70 fL compared to <77 fL in this study). 7, 10, 11 The rate of anaemia reported by Wham 3 in her study of healthy Auckland infants (20%) was also higher than that reported here. While venipuncture blood samples were used to assess iron status in that study, this is unlikely to account for the entire difference. The Auckland infants did not have lower intakes of total iron, nor were they introduced to cow's milk as a beverage at an earlier age than the infants in the present study. The difference may be explained partly by the presence of Maori and Pacific Islands infants (11%) in the Auckland sample, as studies suggest that these infants are at greater risk of anaemia in general 36, 37 and iron deficiency anaemia in particular 12 than Caucasian infants. This may, in part, be due to different cultural practices such as the introduction of tea in infancy (11% of the Auckland infants were consuming tea), because tea is a powerful inhibitor of iron absorption. 39 The results of this study suggest that zinc, calcium and vitamin C intakes are probably adequate among Caucasian infants and young children aged 9 months to 2 years. Although their iron intakes appear to be inadequate, the rate of iron deficiency anaemia in this population was lower than has been reported in previous New Zealand studies.
